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@ Apparatus and method for filling ink cartridges. 



@ An ink filling apparatus 



for filling ink 



cartridges with a quantity of ink. The ink filling 
/ ] apparatus includes ink injecting members (64) 
or needles (66) to inject ink into an ink saturat- 
ing material or wicking medium contained in 
^e ink cartridges (10). A compression member 
(60) compresses the ink saturating medium 
while ink is injected into the saturating medium 
A vent cover covers a vent tube in the ink 
cartridge (10) and directs the flow of press- 
unzed air or gas through the vent tube to 
prevent ink from entering the vent tube during 
the ink filling operation. A piston pump delivers 
a specific quantity of ink to the ink filling ap- 
paratus to accurately fill each ink cartrkige. 
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This invention relates generally to ink cartridges 
[ for Inkjet printers and more particularly to an appa- 
, ratus and a method for filling Ink cartridges with a 
quantity of ink. 

In US-A-3,800,496 to Bardet, a machine for test- 5 
ing, filling, and sealing receptacles such as fountain 
pen cartridges is described. A cartridge is filled with 
a needle which receives an ink dose required for fill- 
: ing the cartridge, the ink dose Is driven by a piston 
, from a cylinder holding the dose. io 
US-A-4,699,054 to Scrudato et al. describes a 
means for storing and introducing a metered supply 
of ink, to an ink cartridge during the operation of a 
printing device. Included is a bag containerfor holding 
ink, a conduit means for conducting ink to the ink car- 15 
tridge, and a needle for penetrating an ink absorbing 
material contained in the cartridge. 

One object of the Invention is to provide an inkfill- 
ing apparatus and method for filling ink cartridges 
which strives to eliminate unwanted free Ink in and on 20 
the cartridge and prevents the formation of air bubble 
foam in the printhead and well region. 

Accordingly, the present invention provides an 
, ink filling apparatus and method for filling ink car- 
; tridges according to any one of the appended claims. 25 

In accordance with one aspect of the invention, 
: there is provided an apparatus for filling cartridges 
i with a Quantity of ink. The apparatus for filling ink car- 
J tridges includes an ink injecting member to supply ink 
: to the ink cartridge, a support member to support the 30 
ink injecting member, a compression member to com- 
press an ink saturating medium held by the ink car- 
trWge and an actuating member to move the support 
member and to thereby move the ink Injecting mem- 
ber into and out of the cartridge. 35 

Pursuant to another aspect of the invention, there 
is provided a method for filling a chamber of an ink 
cartridge with a quantity of Ink. The method for filling 
an ink cartridge includes the steps of compressing an 
ink saturating medium, inserting an ink injecting 40 
member into the ink saturating medium, delivering ink 
under pressure to the medium, decompressing the ink 
saturating medium, and terminating the deliver of ink 
to the ink saturating medium. 

The present invention will be described further by 45 
way of examples with reference to the accompanying 
drawings, in which:- 

Figure 1 is an elevational view, partially in sec- 
tion, of an ink cartridge. 

Figure 2 is an elevational view of an Ink filling ap- so 
paratus In accordance with an embodiment of the 
present invention, 

Figure 3 is a side elevation view of an inkdispens- 
ing member, an actuating memb r, and a table for 
support of the ink cartridge for the filling opera- 55 
tion, 

Figure 4 is an elevational view, partially in sec- 
tion, of a front view of the ink dispensing appara- 



tus, an ink cartridge, and a supporting tabi , 
Figure 5 is a sectional vi w of a compression 
member and a vent body, 
Figure 6 is a plan view of a flat piate and 
Figure 7 is an elevational view, partially in sec- 
tion, of the ink dispensing member in a first pos- 
ition for filling the ink cartridge, an ink cartridge, 
and a supporting table. 

Figure 1 is an elevational view, partially in sec- 
tion, of an ink cartridge 10. The cartridge 10 has a 
main portion in the form of a housing 12. Housing 12 
is typically made of a lightweight but durable plastic. 
Housing 12 defines a chamber 14 for the storage of 
liquid ink. and further has defined therein an air vent 
or ventilation port 16, open to the atmosphere, and an 
output port 18. At the end of the output port 18 {as 
shown at the broken portion of Figure 1) is an ink jet 
printhead 20, and specifically the ink supply manifold 
thereof, substantially as described above. An ink-sat- 
urating medium, shown here as three separate por- 
tions marked 22A, B, and C occupies most of the 
chamber 14 of housing 12. Atop cover plate 21 closes 
the chamber 14 once filled with ink. 

Other parts of the cartridge 1 0 include a heat sink 
23 and a cover 24 having openings 26 therein to per- 
mit ventilation of the interior of housing 12 through 
ventilation port 16. A practical design will typically in- 
clude space for on-board circuitry for selective acti- 
vation of the heating elements in the printhead 20. 

Also shown in Figures 1 is a vent member or tube 
28 extending from ventilation port 16 toward the cen- 
ter of the interior of housing 12, through openings in 
each portion of medium 22. 

Medium 22 (shown as three portions of material) 
is in the form of a needled felt of polyester fibers. Nee- 
dled felt is made of fibers physically interlocked by the 
action of, for example, a needle loom, although in ad- 
dition the fibers may be matted together by soaking 
or steam heating. Medium 22 is packed inside the en- 
closure of housing 12 in such a manner that the felt 
exerts reasonable contact and compression against 
the inner walls. In one commercially-practical em- 
bodiment of the cartridge 10. the medium 22 is creat- 
ed by stacking three layers of needled felt, each one- 
half inch in thickness, and packing them inside the 
housing 12. 

Also within housing 12 is a member made of a 
material providing a high capillary pressure, indicated 
as scavenger 30. Scavenger 30 is a relatively small 
member which serves as a porous capillary barrier 
between the medium 22 and the output port 1 8, which 
leads to the manifold of printhead 20. The scaveng r 
30 includes a filter cloth 32, which is attached to th 
scavenger 30 using a porous hot-melt laminating ad- 
hesiv . In general, the preferred material for the filter 
cloth 32 is monofilament polyester screening fabric. 
This filter cloth provides a number of practical advan- 
tages. Typically, no specific structure (such as a wire 
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mesh) for holding the scavenger 30 against the open- 
ing into outlet port 18 Is necessary. Furth r, there 
need not be any adhesive between the filter doth 32 
and the outlet port 18. The high capillary force provid- 
ed by filter cloth 32 creates a film of Ink between the s 
niter cloth 32 and the outlet port 18, by virtue of the 
pianarity (no wrinkles or bunrips) of the filter cloth 32 
against the scavenger 30, the compression of the 
scavenger 30 against the outlet port IB, and the sat- 
. uration of the scavenger 30. This film serves to block io 
out air from the outlet port 18. 

In one commercially-practical embodiment of the 
present invention, the medium 22 is initially loaded 
with 68 cubic centimeters of liquid ink, of which it Is 
desired to obtain at least 53 cubic centimeters for is 
printing purposes while the back pressure of the car- 
tridge is within a usable range. 

An Ink filling apparatus 40 in accordance with an 
embodiment of the present Invention forf illing inkcar- 
j tridge 10 Is illustrated in Fig. 2. The ink filling appa- 20 
. ratus 40 includes an air-free collapsible ink reservoir 
41 containing a quantity of ink used to fill a plurality 
of ink cartridges 1 0. The reservoir 41 is filled from a 
second reservoir 42 and pump 43. The second reser- 
voir 42 is a common container with a biological filter 25 
. in a vent thereof. A pump 44 is coupled to the ink re- 
servoir 42 through a line 46. The pump 44 uses air 
; pressure supplied by an air compressor 48 coupled to 
' the pump 44 through an air line 50 to extract ink from a 
the reservoir 41. The pump 44 is a metering pump us-^ ! 30 
ing a piston pump to extract a specific amount of ink 
from the reservoir 41 during a single pumping cyde 
to fill a single cartridge 10. In the present embodi- 
ment, the pump used is a nrwdel 4F3C-170 manufac- 
tured by HiBar Systems Ltd. of Canada. 35 

An ink dispensing apparatus 52 dispenses ink 
into the cartridge 10 held by a fixture 55 having cor- 
ner sections 56 coupled to a table 57. The corner sec- 
tions 56 of the fixture 55 are arranged to engage each 
of the four corners of the cartridge 10 and to snugly 40 
fit against the outside of the housing 12 to thereby 
: provide a stable mechanism for holding the cartridge 
in place during the ink filling operation. An airline 53 
is connected to an air supply nozzle 54, connected to 
the ventilation port 16. to supply pressurized air to the 45 
ventilation port 16 to prevent ink from flowing into the 
tube 28 of the cartridge 10 during the ink filling oper- 
ation. While the cartridge 10 is manually placed in the 
fixture 55 as described, it is within the scope of the in- 
vention to have a more automated assembly, utilizing so 
for instance, a moving belt with a plurality of cartridg- 
es held thereto to provide for automatic filling of ink 
cartridges 10. 

The ink disp nsing apparatus 52 is mounted on 
the table 57 or some other stable platform for dispens- 55 
ing ink. 

The ink dispensing apparatus 52 indudes a sup- 
port member 58, a compression member 60, a vent 
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body 62, and a plurality of ink injecting members 64 
for penetrating the medium 22. The compression 
member 60, the vent body 62, and the ink injecting 
members 64 are coupled to the support member 58. 
Each of the ink injecting members 64 has a needle 66 
coupled to an ink body 68. In the present embodiment 
four ink injecting members 64 are used to inject ink 
into the medium 22. Two ink injecting members 64 are 
located behind those illustrated for the total of four as 
can be seen in Fig. 3, illustrating a side view of the ink 
dispensing apparatus 52. The present invention is not 
limited to four ink injecting members, however, and 
more or less ink injecting members are possible. More 
than four ink injecting members have been tried suc- 
cessfully to decrease fill time and increase thruput. 

The needles used in the embodiment are VITA 
brand industrial needles, 16 gauge stainless steel. 
The needles are chosen for durability and the capa- 
bility of easily penetrating the medium 22. 

Each of the ink bodies 68 is supported by the sup- 
port member 58. The ink bodies 68 have an input 70 ~ 
and an output 72. Each of the inputs 70 is connected 
to a manifold 74 through a check valve 75 and a flex- 
ible tube 76. The manifdd 74 is coupled to the ink line 
54 to direct ink from the ink pump 44 to each of the 
ink injecting members 64. The manifold 74 indudes 
fourchambers which direct ink to each of the ink bod- 
ies 68 through the flexible tubes 76. The manifold 74 
can either be attached to the support member 58/so 
that the manifold 74 moves when the support membei- 
58 moves or the manifdd 74 can be fixed with respect 
to the support member 58 so that the flexible tubes 
76 flex during movement of the support member 58. 

The support member 58 moves vertically in both 
directions, as indicated by the arrows 77. An actuat- 
ing member 78 (see Figs. 3 and 4) is operatively cou- 
pled to the support member 58 for moving the needles 
66 into and out of the cartridge 10 for filling. The ac- 
tuating member 78 indudes a mounting plate 80 
which is attached to the support member 58. The 
mounting plate 80 travels up and down along a vert- 
ical structure 82 which is attached to a stationary 
support 84 for supporting the support member 58. 

The mounting plate 80 is moved in the vertical di- 
rection by an actuator or drive mechanism which 
causes the mounting plate 80 to be displaced along 
the vertical structure 82. The embodiment uses 
wheels coupled to the mounting plate 80 which con- 
tact a stationary surface (not shown). The wheels are 
rotated against the stationary surface by motor con- 
trol to cause vertical displacement of the support 
member 58 with rcsp ct to the vertical structure 82 
as would be understood by one skilled in the art The 
type of drive mechanism is not critical to the inven- 
tion, however, so long as long as the vertical displace- ' 
ment of the mounting plate 80 with respect to the car- 
tridge 10 is accurately controllable. 

Ink is Injected into the medium 22 by the four nee- 



5 



EP 0 639 501 A1 



6 



^ dies 66. The needles 66 are driven into the medium 
^ by the downward movement of the mounting plate 80. 
, The mounting plate 80 is controlled to position the 
support member 58 until the needles 66 are close to 
the bottom of the cartridge 10 and embedded into the s 
_ bottom medium 22A as illustrated In Fig. 7. One nee- 
die, needle 66^ is slightly shorter than the other 
three needles to prevent the needle 66Affom punc- 
turing the scavenger 30. Needle length Is, however, 
determined by the configuration of the cartridge be- io 
ing filled. As the needles are driven into the medium 
22, the compression member 60 contacts the top me- 
dium 22C and the vent tube 28 Is covered by the vent 
body 62. 

Fig. 5 illustrates the assembly of the compression is 
plate 60 and the vent body 62. The compression 
member60 Isspring loaded to compress the mediums 
22 for filling thereof. Likewise, the vent body 62 in- 
cludes a spring loaded mechanism to cover the vent 
; tube 28 during filling of the cartridge 10. The com- 20 
pression member 60 comprises a flat plate 86 and a 
sleeve member 88. The sleeve member 88 can be a 
separate piece or the flat plate 86 and the sleeve 
member 88 can be a single piece. The sleeve member 
88 fits outside the vent body 62. A pin 92 is inserted 25 
mto opposing holes 94 in the vent body 62 and the 
sleeve member 88 to retain the sleeve member 88 to 
, the vent body 62. A compression spring 96 is placed 
around the outside to the vent body 62 between the 
top portion of the^flat plate 86 and the support mem- 30 
faer 58. The spring 96 provides a resistance against 
forces to the underside of the flat plate 86 which en- 
ables the plate 86 to compress the medium 22. 

A vent cover 100 Is located inside the vent bocfy 
62. The ventcover 100 protrudes pastthe bottom sur- 35 
face of the flat plate 86 and includes an elastic or de- 
formable tip. The vent cover 1 00 includes slots 1 01 on 
opposite sides of the cover to allow for the retention 
of the cover 100 inside the vent body 62 and to allow 
the cover to move up and down. The pin 92 engages 40 
slots 101. A vent spring 102 is located above the vent 
cover 1 00 and contacts the top of the vent cover 100 
and interiorf langes 1 04. The vent spring 102 provides 
• spring loading of the vent cover 100 to provide a tight 
seal of the vent cover 100 and the elastic tip to the 45 
venttube 28 when the support member 58 moves the 
vent member 62 into contact with the tube 28. 

Fig. 6 illustrates a plan view of the flat plate 86. 
The sleeve member 88 is not illustrated. The flat plate 
86 includes a center opening 106 to allow the vent so 
body 62 to engage the vent tube 28 during filling of 
the cartridge 10. In addition to the center opening 
106, the flat plat 86 includes a plurality of needl 
openings 107 which allow for the needles 66 to pen- 
etrate the medium 22. The needle openings 107 are ss 
substantially larger than the needles 66 to allow for 
the ink to rise above the flat plate 86 filling of the me- 
dium 22. In addition, fill openings 108, also allow for 



the ink to rise above the flat plate 86. Th shape and 
size of the needle openings 107 and the fill openings 
108 are not critical so long as ink can rise above the 
plate 86 during filling. A flat corner 110 merely allows 
the flat plate 86 to fit inside the cartridge 1 0 for filling. 

Fig. 7 illustrates the compression of the medium 
22 and a first location of the needles 66 during filling 
of the cartridge 10. The first step in the ink filling proo 
ess includes compressing the medium 22, inserting 
the needles 66 into the medium 22, and covering the 
tube 28 with the vent cover 100. The needles 66 are 
inserted into the medium 22 by the downward move- 
ment of the mounting plate 80 under control of the ac- 
tuator. Likewise, medium 22A, B and C are com- 
pressed by the compression member 60. The vont 
cover 100 covers the tube 28. The mounting plate 80 
IS moved downward to the point where the tips of the 
needles 66 are close to the bottom of the chamber 14 
and embedded into the medium 22A. Before filling of 
the chamber 14 begins, air is delivered by the air com- 
pressor 48 over the line 53 to the ventilation port 16. 
As the vent cover 100 and the vent body 62 are hol- 
low, the air flows up through the tube 28 and is vented 
to atmosphere out the top of the vent body 62. The fit 
of the vent cover 100 and the flow of air prevent ink 
from entering the tube 28 during the filling operation 
The deformable tip aids in sealing the connection be- 
tween the vent cover 100 and the tube 28. 

Once the medium is compressed and the needles 
are in position,^the pump 44 begins dispensing ink to 
the needles 66 through the manifold 74. Approxi- 
mately 67.5 grams of ink are injected into the car- 
tridge 10 to fill the chamber. Because there is essen- 
tially no back pressure on the needles 66, ink flows 
easily into the medium. Each needle receives approx- 
imately the same amount to ink, due to the of the char- 
acteristics of the medium. While the needles 66 are 
located near the bottom of the chamber 14, approxi- 
mately one half of the ink is dispensed. Once one half 
of the ink is dispensed, the needles are moved ap- 
proximately two-thirds of the way up from the bottom 
of the chamber. Because of the spring pressure on the 
compression member 62, the medium 22 are still 
compressed, although not as much as before so that 
the medium 22 begins to fill with ink due to absorption 
and to decompression of the medium. The remaining 
half of the ink is dispensed at this position. The quan- 
tity of ink dispensed is sufficient to flow over the top 
of the fiat plate 86 through the needle openings 107 
and the fill openings 108. Vent cover 100 remains in 
the same position preventing ink from entering vent 
hole. Once the filling cycle is completed by the pump, 
the needles move to a position just over the top of the 
medium 22 for approximately two seconds to allow for 
any dripping ink from the needles 66 and/or the com- 
pression memb r 60 to fall on the medium 22. 

The pump 44 dispenses ink for approximately 
eight seconds. Two seconds are allowed for the ink to 
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, settle. Once the s ttling time is complete, the actua- 
^ tor moves the mounting plate 80 upward so that the 
, compression member 62 and needles 66 are fully re- 
tracted from the medium 22. Once fully retracted the 
pump 44 extracts the required amount of inkfrom the 
ink reservoir 42 to ready itself to fill another cartridge 

In the embodiment described the inkflow through 
■ the needles is evenly distributed throughout the car- 
. tridge utilizing a mechanical pressure plate whose 
timed release allows controlled, repeated absorption 
: of the ink by the expanded wick. This process elimin- 
ates unwanted free ink in and on the cartridge and 
prevents the formation of air bubble foam in the print- 
head and well region. Over or under filling is avoided. 

Claims 

; 1. An ink filling apparatus for filling ink cartridges 
(10) with a quantity of ink, the cartridge (10) hav- 
ing a housing (12) defining a chamber (14) for the 
storage of ink, the cartridge (10) having a vent 
member for venting the chamber and an ink sat- 
uration medium (22) in the chamber (14) for hold- 
, ing the ink, said ink filling apparatus including: 

an ink injecting member (64); 
I a compression member (60) to compress 

i the ink saturation medium (22); and 

an actuating member (78) to moOe said ink 
; injecting member (64) into communication with 
the ink saturation medium to supply ink thereto. 

2. An ink filling apparatus as claimed in claim 1, 
wherein said compression member (60) defines 
a first opening to accommodate said ink injecting 
member (64). 
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comprises a plurality of ne die members to pen- 
trate the ink saturation medium. 

7. A method for filling a chamber (14) of an ink car- 
tridge (10) with a quantity of ink, including: 
(22)- ®" '"'^ saturating medium 

inserting an ink injecting member (64) into 
the ink saturating medium (22); 

delivering ink under pressure to the ink 
saturating medium (22); 

decompressing the ink saturating me- 
dium; and 

terminating the delivery of ink to the ink 
saturating medium once the Ink saturating me- 
dium contains a predetermined amount of ink. 

8. A method as claimed in claim 7, including decom- 
pressing the ink saturating medium (22) during 
said delivery step. 

9. A method as claimed in claim 7 or daim 8, includ- 
ing covering a vent member of the ink cartridge 
before and during thedelivery of ink to the inksat- 
urating medium. 

10. A method as claimed in daim 9. including fordng 
a gas through the vent member and a vent body 
during said delivery step. ^ 
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An ink filling apparatus as daimed in claim 1 or 
daim 2, wherein said ink injecting member com- 
pnses a needle member to penetrate the ink sat- 
uration medium, said needle member being of a 
sufficient size to fit within the first opening de- 
fined by said compression member. 

An ink filling apparatus as daimed in daim 3 
wherein the first opening defined by said com- 
pression member is of a size significantly larger 
than said needle member to provide for ink flow 
through said compressfon member. 

An ink filling apparatus as daimed in daim 4 
wherein said compression m mber d fines a 
second opening to allow ink to flow through the 
compression member. 
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6. An ink filling apparatus as daimed in any one of 
claims 1 to 5, wherein said ink injecting member 



5 



EP 0 639 501 A1 



10 




24 26 



FIG. 1 



6 



EP 0 639 501 A1 




EP 0 639 501 A1 




FIG. 3 

8 



EP 0 639 501 A1 




FIG. 4 

9 



EP 0 639 501 A1 




FIG. 5 



10 



EP 0 639 501 A1 



107 108 107 




107 108 107 



FIG. 6 
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